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Abstract. The hot Jupiter WASP-12b is one of the largest, hottest, and best-studied ex-
trasolar planets. We revisit our recent analysis of WASP-12b’s emission spectrum in light
of near-infrared spectroscopic measurements which have been claimed to support either
a hydride-dominated or carbon-rich atmospheric composition. We show that this new
spectrum is still consistent with a featureless blackbody, indicating a nearly isothermal
photosphere on the planet’s day side. Thus the ensemble of occultation measurements for
WASP-12b is still insufficient to constrain the planet’s atmospheric composition.
1 Introduction
Although hot Jupiters occur less frequently around sun-like stars than do less massive planets [1,
2], these larger objects remain the most commonly known type of transiting planet1 because of the
limiting sensitivity of current ground-based surveys. In addition, the high temperatures and large radii
of hot Jupiters make these planets especially favorable targets for atmospheric characterization via
transits [3, 4], secondary eclipses [5, 6], and phase curves [7, 8]. Thus the population of exoplanets
for which atmospheric measurements have been made or attempted is largely limited to hot Jupiters.
The hot Jupiter WASP-12b is one of the largest and hottest transiting planets known [9–11]. The
planet is intensely irradiated by its host star, which gives it an especially favorable planet/star flux
contrast ratio. These conditions have motivated a flurry of photometric and spectroscopic occultation
measurements [12–19]. Analysis of the earlier observations indicated an unusual atmospheric carbon
to oxygen (C/O) ratio greater than one [20].
However, the validity of the high C/O conclusion is challenged by new 4.5 µm data [14], the
discovery of an M dwarf only 1” from WASP-12 which has contaminated past measurements [21],
and our new 2.315 µm narrowband occultation measurement [15]. Furthermore, a new controversy
has arisen: recent 1–1.7 µm spectroscopy has been claimed to either support the high C/O model [22]
or to be inconsistent with it and to instead indicate a hydride-dominated atmosphere [19].
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2 WASP-12b’s Emission Spectrum
2.1 Photometric Measurements
As noted above, many secondary eclipses of WASP-12b have been observed using broadband pho-
tometry; the measurements span from 0.8–8 µm [12–14, 16, 17]. Most of these measurements are
consistent with the high C/O interpretation, with one important exception. An analysis of WASP-
12b’s 4.5 µm phase curve and eclipses [14] reported two possible conclusions: either the planet’s
secondary eclipse is significantly deeper at this wavelength than previously reported [13], or the oc-
cultations are consistent but the planet is extremely prolate (with an aspect ratio of 1.8). The latter
possibility has been ruled out by recent WFC3 occultation spectroscopy ([19]; see also below), so the
planet must be brighter at 4.5 µm than previously thought.
In addition, our recent 2.315 µm narrowband photometry [15] showed that the planet is also much
brighter at this wavelength (by > 3σ) than high C/O models predict [20]. We show the full photometric
emission spectrum of WASP-12b in Fig. 1 (after correcting for Bergfors-6’s dilution; see [15]). The
impression given is that of a blackbody-like spectrum with few or no strong features. A simple
blackbody model (representing a nearly isothermal dayside photosphere) gives χ2 = 25 and BIC2 = 29
The initial model used to claim a high C/O ratio gave χ2 = 10 and BIC = 32 [20]; these values increase
by ∼20 when including the 2.315 µm and average 4.5 µm measurements.
Thus WASP-12b’s photometric emission spectrum can be adequately explained by a nearly
isothermal photosphere. In this case, the data do not justify claims of a high C/O ratio in WASP-12b’s
atmosphere. We note here that a third 4.5 µm occultation has been observed, which is more consis-
tent with the shallow measurement than the deeper result (J. Harrington, private communication); if
confirmed, this would have important repercussions for the interpretation of the planet’s spectrum. A
thorough and homogeneous analysis of all available WASP-12b occultations would be of great utility.
2Bayesian Information Criterion (BIC) = χ2 + k ln N, where k is the number of free parameters and N the number of data
points. When comparing two models to a data set, the model giving the lower BIC is statistically preferred.
Figure 1. WASP-12b broad band emission spectrum (from [15]). Solid points are dilution-corrected photometric
secondary eclipse depths; at 4.5 µm we plot the two discrepant eclipse depths [13, 14]. The solid line shows the
best-fit blackbody model; open symbols show band-integrated model values.
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2.2 Near-infrared 1–1.7µm Spectroscopy
Recently, high-precision spectroscopic observations of WASP-12b’s NIR emission have been obtained
with HST/WFC3 [19]. This analysis notes that the initial C-rich model can match “the slope, but not
the modulation” of their new near-infrared spectrum and that “the detailed shape of the emission
spectrum [cannot] be modeled using CO/CO2/CH4 opacity.” Instead, the authors suggest that an at-
mosphere with a significant hydride complement better explains the NIR spectrum [19]. However,
an independent reanalysis of this emission spectrum states that the authors of the spectroscopic anal-
ysis above “suggested that ... models with C/O ≥ 1 best explained their data” [22], which seems to
contradict the previously quoted statement.
Both these analyses probably read too much into the available data. We correct the 1.0–1.7 µm
emission spectrum for eclipse dilution (following [15]) and show it in Fig. 2. We also show a simple
weighted linear fit to the data, which gives χ2 = 19 and BIC = 25. The hydride-dominated model
gives χ2 of roughly 13 [19]; assuming k = 10 this gives BIC = 41, significantly larger than for our
simpler model. Similarly, the updated high C/O model gives χ2 = 22 and BIC = 50 for these data
[22]; even if this model were fit only to the new WFC3 data, such a fit must give BIC > k ln N = 28
and so would still not be justified over the featureless toy model shown in Fig. 2.
One conclusion does seem robust: WASP-12b’s 1.0–1.7 µm emission spectrum shows no evidence
for emission or absorption by water [19, 22]. This result can be attributed either to a paucity of water
in the planet’s dayside atmosphere or to a dayside photosphere which is nearly isothermal.
3 Conclusions
At present, no strong conclusions can be drawn about the composition of WASP-12b’s atmosphere
on the basis of dayside (occultation) emission measurements. If future occultation measurements ro-
bustly detect strong emission or absorption by any species, this result would indicate a non-isothermal
dayside photosphere; the lack of water features in WASP-12b’s spectrum could then be attributed to
a high C/O ratio. The detection of only weak (or no) spectral features would be consistent with a
roughly isothermal dayside photosphere, in which case secondary eclipse observations will be poorly
suited to constrain the planet’s atmospheric makeup. In this case, observations during primary transit
may offer the best opportunity to determine the atmospheric composition of this unusual planet.
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Figure 2. WASP-12b spectroscopic emission spectrum. Solid points show the HST/WFC3 spectroscopic mea-
surements [19] after correction for Bergfors-6’s dilution [15]. The solid line shows the weighted best-fit linear
model; open symbols show band-integrated model values.
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